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ABSTRACT 

Spider World is an interactive program designed to 
help individuals with no previous computer' experience to learn the 
fundamentals of programming. Thb program emphasizes cognitive tasks 
which are central tO' programming and provides significant 
problem-solving opportunities. In Spider World, the user commands a 
hypothetical robot (called the "Spider") to create colored patterns 
on .the computer display screen. This study: (1) assessed the 
effectiveness of Spider World in fbstering autonomous learning among 
students; (2) determined if students acquired the ability to use 
three Spider World templates ^-''repeat .. .until "def ine. . .end, " and 
"if... go to?) in a novel situation; and (3) compared the program's 
impact to two other instructional conditions (using Type Attack 
software and instruction in BASIC). Findings indicate that usiil^ 
Spider World to introduce programming results in student acquisition 
of templates which they cafti apply in related environments; in \ 
contrast, students receiving instruction in BASIC appear to ^have made 
fewer gains in these skills.- In addition, students exhibited their 
autonomous learning behaviors when given the opportunity to use them 
in Spider Worl.d. (JN) , ' 



*♦**.***♦************************************************************ 

* Reproductions supplie^d by BDRS are the best that can be made 

* from the original document. 

********************************************************************* 



SoiJer world? i. Kobot Lanouaae for Learninq to ProQram 



John Odlbev 
Marcid Linn 



U.8 Df PMTMf MT Of IDUCATION 

NATIONAI INSTITUTE OF EDUCATION 

tOuCAIIONAl Hf SOURCES INFORMATION 

/ CFNTER (ERICI 

y Thif. ilfif imiHfit hdv b«cn reprnduiml 4& 

'»*irivffl >(ii(ti th»* or o(g<int/.ttii>n 

i)(i(]i(i,tfttiq It 

.MidiK 1 h.tiii|<>K h,tvr htffm niarl<* tu inipiovt* 

rt>priiiJui tuifi i|ii.ilit> 

■ - . - -_JL 

• Pii'mt". tit viMM 1,1 iipKitons sxaU'ti u\ this iJuru 
iiudt i M.-v ,.s«„uiiv i»»piKM*nt iiHit hil NK 

(lOKltHId III p.,l„ y 



Assessino the Coonitive. Consequcjnces of 
CowDuter Environments for Lcarnina (ACCCEL) 
Lawrence H^U of Science 
University of Californldt SerKelevt CA 

9^720 



This material is saseo^ uPon Irt/search supoortec ty the ♦la- 
tiondl Institute of feducatii<\n under Grant No» <»00*63^0017# 
Anv ooinionf;* ftnaii c^ t anc Icdnclusions or recommendations 
expressed in this oubl i cat i on yare those of the author and do 
not n^^ce^s^rilv reflect the Vie^s of the National Institute 
of Ecucat ion« 



This oaocr was presented tne annual 
tneetina of the American Educational 
Research Assoc iat ion 
New Or lesnSf 19o^ 



••PERMISSION TO REPRODUCE THIS 
MATtRIAL HAS BfcEN GRANTED BY 



TO THL tDUCAtlONAL RESOURCES 
INFORMATION CENTER CERIC)/' 



0 

• i 

Introduction 

the Duroose of this 5t<idv was to assess the Iraoact of 
Solaer world* d robot lanouaae* as an introduction to oro- 
orammino, Ihtf Solder world proor am was recently field tei?ted 
as'^oart of a siubv bv the Vic funded Asse^sinu the Coqnit.lvc 
Conseoucnces of Coroouter Environments for Learnt'no oroiect 
(ACCC6L) at the Lawrence Hall of Science, we wanteo to 
determine if ^tuder^ts woulc flno it easier to learn oroaram- 
wina if thev r\«d an initial exoeridnce usina this careful! v 
desfoned olec#» of educational software. We speculated that, 
the exoerience with this soft^Mare would helD students learn 
<;oecific think ino skills which are necessary in orodramnHno. 
and learn to work with the computer autonomously. 

There are two ma ior difftculttes with usind a aener .1 
ourpc«;e oroarHmnilno landuade.in an introductory course. The 
first rs that the complexity and detail of a cenera.l purpose 
landuaae like 6AS1C or Pascal often ov^rwhelws the novice. 
The student soends roost of the time learn ino ^ immense 
numoer of suoerficial syntax rules, and fails toQrasp 
essential concepts of aloorlthm desian. The second problem 
is that aooUcations of a oeneral purpose lanouaoe are sel- 
<\otf, >fcry appeal ina or motivatino-. The kinds of problems 
.^iiich can r/f» sclved after an initial introduction to c^aen- 
*ral purpose Mncuaoe are unattractive and of little 
Intef-st- to the average person, 

Td ov^rcofTt thes^/^o oronlems* a special purpose Dro- 
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or«»mrnlno envlrofrt»i«nt called Soider World was oevelooed tOal- 
bev. l**B3a). Soider world is an Interactive simulation for 
oeoole *#itn no orevious comouier exoerience to iearn the 
tunoamenta-ls of Drooramroina . Soider World is similar to 
other "robot** lanauaoes such as turtleQraohics (Papeit* 
" 19hO), K;»rel (Pattis* l^hW. and Josef (Tpmek. 1982)* li> 
Soiaer world the user commands a hvoothet ical' robot called 
the. Solder to create colored oatterns on the computet 
dlsolav screen* 

4b 

Soider World has manv acvantaaes over deneral ouroose 
lanauaoes, which makes it aooropriate for a beoihninq ora- 
orammina course. Perhaps the most s^onificant is that the 
Soider world environment is araplticallv oriented* Novices 
fine the environment intrinsically aoocalina because it 
allows them "to Interact w.itn and control £. visual display. 
Generfil ouroose lanouaoes manipulate symbols or perform 
numeric computations* neither of which has the Powerful 
aooeal of oraphics. In thISv. regard Soidel" world is 
approachable tv people wno arCnot cotr.fortable-' with 

» 

•*rn.»th«»Tiat Ical •* problems. 

The seconc advaptaoe of Spider World is the lanquaqe 
^ has 3 limited vet powerful command set with a verv simple 

syntax. The coirmands provide both loopino and subroutine, 
caoaDilliles* Solder Instructions are simple one word 
enalish commrtnos. Tnere are no restrictions on punctuation 
Siucn as 1 Ine numbers or stt»t»^ment separators. There are no 

■1 
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mvsterious anhr^rvi at Ions or mnemonic codes and no' aloebralc 
exoression^* • 

TKe third advantaoc of Solder World is that there is no 
inout and cutout of dat&. This is imoortant because it 
avoids Tianv confusino and rather esoteric issues such as 
reserv'ino memorv locations or declarina variables* format- 
tino of' data*, obftvinc data tvoe conventions* variable namina 
rules* and data streams* Because Soider oroorams have no 
inout ;»nd owtout* the learner can focus on control struc- 
turcs tor loooina and su^routlnes• Thust the more* central 
idea?? of orocedure soccif Ication can be introduced whilc^ 
avoidina the uerioherijl Issuers of data manioulation. 3 

wbat is uniaue about Soider boclo?. ^ . . 

t 

Soioftr World ^mohasizes the coanitive tasks Ki^hich are 
central to DrcaramminQ* and orovities exoerience with that 
kinci of oronl<»m solvino* There are some imoortant distinc- 
tions between Soider and ottier robot lanauaQes i»hich ma^e 
hier #«soeciflllv aDorooriate for beainnino oroorammino. The 
Of I mar V difference Is that Soi^der World is much simoler than 
orrcr rooots because it offers a more limited set of capa-* 
biltties. This narov» domain is adji^an taoeous because novices 
ran Im-neoistelv hecin exolorina the, env i ronment with little 
or no instruction. It medn? th^t there are 'not a lot of 
romm^nd^ to learn before on« f»ncounters the central ideas of 
orocra^Tt inc. This enaMes one to enaage in coanitivelv 
o«fn;^nnino f^*?^^ v^hich present sionlftcant rroblem solvino 
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One 0/ the unioiie features cf Solder World Is that it* 
h»V A moQ^ of cDeratioh In which the user can interact ivdlv 
QU'ioc the Solder t<i create designs on the screen. In "draw 
mode" the dlsolav shows' a white SQuare with black or Id 
lines, which |s the Solder's room (see Flaure !)• The Solder 
h^r^elf Is rti.sDlaVeo In the uooer leift corner as a solid 
black trlanal«. From this Initial oosltion the user can 
"ollot^ t,h«» Soioer. directlna her to move around the room 
and Ddlnt^sauare.s certain colors. The bottom fo^r llnes^ of 
th*' «:creen describe which k»»v on the keyboard caus.es which 
action. This t-.natles th"^ user to beoln Interact I no Immedi- 
^T*?lv without readino a user manual or text. Each button^ 

Dressed causes the- Sbider to resoond -ith a soeclfic action. 

If 

;»n(i results In an Immediate, chance in the imaae on tnc 
screen. This beainnino Interactive mode of Solder World 
;»1 lowK A novice to exolore the orliritlve capabilities of the 
Soicer In * verv direct way. Draw mode allows the user to 
discover th*» ♦'ffec.ts of, Soi-der commands 'without cre.atinq and 

)■ ; ■ 

exftcutino a comolett Drooram. 

•I 

An attractive characteristic pf Solder World Is that 
the Soloer ooerates in a discrete world, not a continuous 
on«» Wkk turtle oraohlcs. The Solder functions in a olane 
which divided Into a sfnall number of distinct cells which 
Aoof'ar OM inc screen as a orin. The. only movement avallaole 
to the ioldeV is within this orthogonal framework. This is 
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esoecialtv advantaoeous for child/en who don't vet under- 

<r«nd* aeometrv* because it is not lyecessarv to soecifv a 

^ ^ ^ .. ....... .... . 

*' • numeric value of an anale in orJer to turn t»ie Spider. 

. V ■ 

* . * - 

One of the inost powerful features'of Spider world is 
that the .Spider remjembers each Key that thfe user presses in 
draw mode. Then hv pressino a special kev Creoraw*) the 
* *»ntlr*? oattern can be recreated. Thus7\the simulation has 
^ creatfto a stored oroaram automatically, which the user Con 

execute bv '||iinplv press inc a Rev. This exemplifies the 
essential chafacter I st ic of proorammable devices — the 
ability to autonomously carry out a stored seouence of 
instructions;* In this way the fundamental power of the com- . 
our<»r \% made available to the novice almost effortlessly* 
Bv oroyidina this concrete experience with a robo.t* the 
i«,arner H*»s a tanaible basis for under stand ino the abstract 

■r 

c mceol of a procramroable device. 



• Fiaure 2 shows the display at a particular point durlna 
the "redraw* cr "run" of a Spider Proqrami The simulation 

allows the us«r to halt the execution, or proceed one step 

« 

at a time. Included in the text at the bottom of the screen 

i«; the Soider in«5trjction currently *beina executed. ' 

«. 

The ooeration of tne Spider in draw mode Is based on a 
"one Dutton per . function" oiodel which is common to most 
mechswical devices, such as household aoplidnces. as well as 
conten.oor arv vltjeo oamesi The earlier staQes of inte^-^ctino 
with the Soider are not unline orevjous experiences most 
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stuoents )sa4e. had In dailv life. • The novice does not need, 

» 

anv orereouisltc Knowledoe" from, mathematics or form J 
Unouaoes. lnus» for even unsoohlstlcated learners » Sol oer 
World serves hi an accessible bridae to the "powerful ideas*', 
contained in orocr amminos 

\ 

/ 

f 

^ The Soider world simulation has a - biiJlt-ln edltinq 
f»cil»tv Simolv oressino a Kev caoses the con>«ands in the 
SoIo«jV's mcmorv to be orinteo as English text on the screen 
Ct;^fce Fioure The user's oroaram can be modified usino 

■ V t 

cert«Mn Keys to move the cursor on the i^creen and insert and 
oelftt*^/ lines of code. Additlonaflv* the simulation has the 
abilitv to load and save Soider proorams the -user creates on 
flooov diiek. ' Thu5« the user is oulcklv acouainted with 
th<» utilities thaj: ^re cqmrnonlv offereo'for develooino and 

^ 

m^n iDu] at I no oroorms (see Fioure h)# 

Tne Soider lanouaoe has several proorammina constructs 
wtJicft are found in hioher- level lanauaaes. The DERINE-EN* 
construct provides the ability to create subroutines. The 
Rf-pf-4;T-ur^T IL con<»truct Performs a, loooino^ f unfit ion* The 
Soioer also has a ^counter** and a "tnetnorv reoister" which 
can hs traniPulated bv the orcaram. . The introduction of 
these oo^^crtul prooraoimlna structures is facilitated bv the 
simplicitv ot the command lanouaoe (see Fioure 5).. with 
thttse structures tne user can solve complex problems *which 
oetnon«;rr »re e«5.senri«l techniaue.s of alaor .1 thm. des ian. 
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AUvantaQes for 8rootaaiiD jnd lostcuctlo? 

« 

As *#e said* at the onset* Solder World responds to two. 
ma ior difficulties oresented t>v most oroararoroina lanquaoes* 
Firstt Soioer World allows for more precise instruction in 
thf! ^oeciflc ccn*ceDts of alaorithm destan. Soider World ^ 
ftmonasizes two flow of control features and provides stu- 
denr«i the opportunity to fullv understand these 

features and to use them effectively, 

Students oaln what we refer to as "templates'* for these 
features. Sv temolatest^ we mean stereotypic prescriptions 
for a particular aspect of a oroaram. These templates are 
similar to the schemata aescribed bv Norman» Gentner* ano 
Stevens (19761, Templates ccO apolv to a whole Proora/i 
For example* tnev can be reflected in an ."input-process- 
ootout** template. Templates can also apply to a specififj 
function of a oroaram. In Spider Horld» the two templates 

which are specifically emohasPzed are: tirst» the 

4 Ik 

"r.eoeat.. .until " temolateJ and second* the "define, ••end** 
template. The "repeat ... unt 1 1 * template *is a looplna tern- 
Plate; the "def inc .. .end* template is a subroutine template. 
The Spider world environment teaches these templates ana 
orovidss extensive experience in uslnq them such that stu- 
dents flffi liKelv to builo an «tfectivc coonltlvc structure 
for inese templates which they can use In other situations. 

The seconc difficulty whicn Suider Woria is iPecifi-^ 
Cdliv desiunea to overcone nas tO'^o with student interest 
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« 

in and ^illinoness to oursue the learnlno environment, 
fvoioer *<orlcl Is an ,»ODeal Inu environment • and It is oesianed 
such that students ma v proceed to learn autonomously* Stu- 

• • • 

dtsnt^ are encouraaed to deoend on the ^manual and to use 
feeoback from z\*e comouter to f'lqure out solutions to their 
orohlfns. ' r^^ther than oeoendina on the instructor and ustno 
the machine solely as a typewriter* , 

lhu<i* Solder World was implemented soex: If i cal 1 y to heto 

siuoents acouire two tcmolates and to foster autonomous 

, \ 

Vf.Arr^lna ;»mono students* 

✓ 

r 

1 Methods 



Instructional Ti'^catnjent* 

To assess th« effectiveness of Solder world In imoarf 
ina these two Skills* we Implemented Spider world for three 
weeKS and compared the Impact of Solder world to two other 
Instructional conditions* One of the conditions was Type 
Attack', a software proaram by SIrlus Software* This was 
Chosen on the suooestlon of several classroom teachers who 
cofnolained that lack of tvo ino ability Is tne larae«t obsta- 
cle rci success In their oroor^mmino courses. In addition. 
w« scheduled a control croup whicn-oeoan BASIC Instruction 
froff fh** st;*rt oJf the course* Each of these three nroorams 
w«re inplementetf^or three we«KS** For the Spider world and 
TvDc Arr.vck proorams. curriculum materials wer.» suppI lec ov 

iO 
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ACCCEL (Oalbev, 1983cJ Nelsotu note 2). These materials 
inctuded lecture notes* sainole Droolems* student exerci.ses 
and wtJTKsneetSs ana solutions. BASIC was tauaht in the 
manner used dv the teacher or ior tc our invest! aat ion. 

Subjects 

These three treatments w<5re imolemented in two suburban 
and one urban iunior hi ah school. One school had three 
cl;i^!^^^ ^hich were randomlv a^sianed to the three condl- 
tions. One had six classes* two of which were randomlv 
a<<ioned to eich condition. The third school had two classes 
which were randomly assioned to either BASIC of Spider 
World. Aooroximatel'v twentv-seven students were enrolled' in 
each class. 

. / ■ • / 

Teacber Iraio^oa * ^ 

To familiarize teachers with the Tvoe Attack and Spider 
Norld materials. a half dav in-service session was 
scheduled. Teachers were presented with the materials. 
.;»11oweo to u<v«» them on-line, oiven the curriculum quide* and 
instructed to follow the curriculum ouidc closely. Since 
the teacher*; *»ould not he exocrt in usina the Soider World 
software, we suoocsted that they encourai^^the students to 
fiour^* out answers to their Questions on their own as muc^ * 
«s oo«5siJ>le. Students were aiven access to the Soider World 
Kefer^ncft Manual ana encouraaed to loo< uP »-nswcr$s to their 
uuestioMs wnen necessary. Te-chers were encouraaed to 
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<i«mon^tf rheir own oroblem sol vino processes when oues- 

tions Khich thev could noft ans-»er were asked rv stuoents. 

antfclD.*t«d that teachers would enoaac in nroblem solvlna 
and test the Solder World TErnvironment when stunents asked 

r 

• • • _ 

th^m ouesti6n«» About asoects of the lanouaoc with which thc> 
were not familiar with. * 

The teacher*; were confident*, , after the half-dav In- 
service* that thev. could Iroolenent the oroqram and* indeeot 
wf»re vi»rv i»ooreclative of our efforts to* in their vie** 
help them Jmorove their total instructional prooram. 
Altnouoh th| teachers were enthusiastic abou-tthe materials 
that we presented* they reserved iudament concern i no whether 
or not the materials ^ould foster coanitive accomplishments 
in their students. 

As<es^»ent 

After three weeks of instruct^ion ♦ a written assessment 
of student achievement was administered. The first part of 
this assess^rt'cnt fotused on the specific software the student 
h^»d u^ed. Thus, we assessed tvpino speed in the Tvpe Attack 
oroaratj; we assessed knowb^oae of Solxjer world in the Spiaer 
world orooram;^ and we assessed Knowledoe of haSIC in the 
BASIC prooram. Tne secona oart of tne assessment was a test 

r«»!nplarf unowledoe niven to all Participants in t..e 
stuav. This "robot" proorammina test *as intended to meas- 
uri» the temoUt# Students nao acauired dur ina tne three 
weeKS of instruction. The test haii three oarts. Onr orfrt 

12 



focused soeclflcallv on the "reoeat.. .unt il" template.' A 
second oart focused on the <*dcf ine»«. end* or subroutine tern- 
Dlate* ano a third oart focused on the template which was 
emonasi/ed in the BASIC instructions the "if-.-ooto" tew 
Dlate«r We hvoothesized th^t student^ who hao i>een exposed 
fo th«» Soidfir worid tenipla^es would have acoMlrcd the abil- 
ity to use those temo ates in a novel situatioht such as 
rh*f afforded bv the "robot* test. Furthermore* >%e 
hvoothfcsi^ed that students who had oarticioatea in BASIC 
would. hav«> acoulred the ability to use the erne tempi itte 
tauohr durino tnclr three-weeK lesson in a novel environ- 
ment. Samole itens from the robot test arc aiven in Fioures 
6 and 7* 

Thin sTudv is Dart of a laraer investioat ion. Analysis 
of tests of competency with the specific software used and 
oftrformance atT«»r additional instruction in BASIC followino 
these three-week introductions will be reported in subse- 
ou»*nt ouhl i cat ions • This report focuses exclusively on the 
rooot test . assessment of performance after three weeks of 
instruct i on. 

To evaluate the effects of Spider World on stuacnt 
;»ufonomou5 l#»arnino« In-class observations of students as 
^elt fls interviews with teachers were used. Observations 
focu«i»»rt on the behavior of individual stuoents. Student 
Denijvijr Mds coded accordlna to the activity enoaqed in 
((i«»stonina« coriinc* runninc* ref ormul at inq» etc*)* stra- 

/ 



t«ol«^ for df-buofllno (hvDothesizlnot Terunnlno* llstlnot 
etc)t and helo-seekina (textt D^er» teachert etc). Analysis 
focu^^d orlmarilv on narrative comments from the observers* 
Eacn class was observed at least twice durlnq the three 
weeK4( of instruction. / 

/ 

I 

<* / 

Results 

« 

Lanauaoe AcauisItlQO 

Students in the BASIC treatment learned very little 

f 

about the BASIC lanauaoc durina the first three weeks. On 
the exawt students were not even proficient at loentlfylna 
syntactically correct BASIC statements. Thefv were somewhat 
able to comorehcnd the ooeratlon of simole oroorams usina 
PRIM, out did not unoerstand looolna or subroutines. 

f 

Stuoehts in the Soider World treatment learned ouite a 

tor ;»bout Soider orooramming durino the three weeks ot 

instruction, kesults of the exam showed them to be adept 

with the primitives of th*» lanouaoiet and al so moderate 1 v 

caoanle of undcrstandino oroorams with looos and subrou- 

I 

tines. 

f 

Template Acouisltion 

t 

To assess the ctfccl of instruction on template 
Acaui«!i rion. the robot test ^•as divided into three sut- 

M 
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scales* each focus I no on one template t subrout Ines » looDS* 
or branches). Table 1 shows the relative oerformance of 
each treatment orouo on each subscale of the robot test. 

'itudents In the Solder world treatment oroup did the 
best on the robot test. Students in this .orouo had the 

♦ 

hiahe<t means on 21 out of Zh "items on the robot test* » 
<Cs . Stat isticall V slonlflcant difference between the means tor 
Solder world and BASIC was found on seven 1 terns t and also on 
the total test means. 

V . ■ 

Students In fVe Tvoe AttaCK treatment qrouo did better 
than the BASIC orouo on. the first two sections of\he robot 
tp^t. 7hf»«e sections dealt with subroutines and loops. The 
Tvoe Attack, means were hloher on J5 ouc of 16 items* with a 
Stat Istlcallv sionlficant differences on 2 Items. The BASIC 
orouD had sUohtlv hiaher means than Tvpe Attack on 7 out of 
f? items In th^ third section* whicn dealt with branchinq. 

Thus it appears that Spider World students benefited 
the most from their Instruction. Thev did well on their 
ach levetilnt test and also outperformed the other qroups on 

♦ 

thf» transfi^r test* 

Ihe surprisina result is tne mediocre performance pv 
<tuoent«i in the oASlC aroup# Thev did poorly on their 
dcn leve-nent test* and were outscored on 2 rut of 3 section^ 
fin thp tranjtff-r test hv students ->ho had u'»eo only tvpinc 
software, it *iDPr»ars that the small amount of BASIC that wtis 
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If.arnAd bv those students did not aooreclaolv affect their 
oerformance on the robot test, ^he onlv section in which 
thev did better than the Tvoe Attack croup was the section 
th«t lnvo1v«d branch Ino constructs* analooous to "COTO" In 
BASIC. 

AutoooQous Learn Ida 

Assessment of the effect of the Solder World Instruc- 
tion on autonomous l.earnlno is based on observations and 
interviews wl^n the teachers. Observers of students usino 
Soider World reoorted consldcrablv mo^e Instances of stu- 
uents interrooat ina the ~env ironment and testina It to find 
out hOrt to do soireth ino ' more effectivelv. In addition* stu- 
dents «n the Solder World ^environment m^ere more likclv to 
use reference materials than those studvinq BASIC. Further- 
more, students in Spider >iorld cl earl v en loved the software 
and freouentlv exoressed Interest In contlnulna to work with 
it. . 

Their teachers echoed this sentimentt reouestlnq per- 
tnission to use. Solder World In their other/ classes and to 
. use Solder norld in subsequent vears of Instruction. In 'qen- 
#Ta1. both students and teachers were xy4rv enthusiastic 
about Solder World, thus Indlcatinc that S^loer World met 
thp Tiotivatlonal criteria wnlch we set oi^t to Investlqate. 
More research would be helpful to further clarify whether 
stuoents calned autonomous ledrnlna skills by workinq In 

16 



- 16 - > 

« 

this environment* It seems clear that students exhibit 
their autonomous learnlno behaviors ^nen otven the ooDortun* 
Itv to use tnem in Soider world. 

Teachers also reported that when the BASIC instruction 
MdS instituted for students who had had Solder, World that 
those classes were ouick to oick U9 on BASIC. Indeedt the 
teachers reoorted that the Soider world classes cauQht uo 

/ 

with the BASIC classes bv the time that the semester was 
over. The teachers were unsure exactly what to attribute 
th\% to. Besidejt the' Soider world instruction, tnere mbs 
oerhaos an iniol ici t exoectot i on on the part of the teacher 
th;»r it would be easier to teach classes where all were cov- 
er'ina the saine material. Thus it is not obvious whether an 
lojoliclt denlrtt to have the classes catch up with the other 
classes or an explicit advant^iae of Snider world contributed 
to this nitudtion. Neverthel*»ss» Spider World mav help stu- 
dents to acouire further proaramminq understandina and it 

« 

%e,eni% unl ikelv that Solder world interferes with further 
learnlno. 

t 

b- . 

•Conclusions 

Manv cDservers of use of computers in pre-colleoc sef 
tines reocrt th<it little wnlcn coulo be defined as coon4- 

4 

ttvclv demandinc is occurrtnq In these classrooms* In con* 
trast# usina !^Dider worlo to Introduce Droarammin'o results 
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in student Acoui^ltlon of temolates which th«v can aoolv in 
relateo environments. Thus* students acquire soroe of the 

r 

♦ 

oowerftfl Ideas* which have neen advertised for comouter 
learn Ino environments and demonstrate that thev can use them 
In new domains. In contrasK students recelvino Instruction 
in BASIC aopei^r to have »ade fewer aalijs In^, these skills 
#»v<»n fhouoh their Instruction focused on a slncle template 
while the Soioer worlo instruction focused on two. 

The ACCCeL Proiect Staff (L'inrTand Fisher. 1982) hAve ' 
araued that autonomous learnina skills micht be acQulreo 
from romoliter learnina environments. Yet» few environments 
offer these oooortonitles; It appears that the Spider World 
<oft.w;»re and curriculum encouraaed students to learn auto- 
nomouslv. More work Is needed to determine whether auto-' 

♦ * ♦ 

nomous 1 earn! no can , oe fostered more oenerallv in' or oar am*- 
mine courses and to establish >^hich soeclfic* features cf the 
comdyter environment foster these accomol lihments. >^ 

The Spider wor^d software and curriculum were extremelv 
wet I -received *hv teachers and students. The proorammino 
environment aooears to be enhanced by use of this sort of 
Introduction. In oarticulart the limited number of commands 
In the environment appear to help students focus on the coq- 
nitlvclv Interestlnfl aspects of interaction with a computer. 
The oesian of the software, such that a larae amount ot 
feedback can be calneo and the ooportunltv to use. the refer- 
ence manual when orchlems arise both contribute to ^.he 
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likelihood that stu^nts nUI enoaae in autonomous learn tno 
in the comoufer envi roniwent ♦ a 



Technical ]ofocai?tioo 

\Solder »<orld runs on an Aople ll-plus mlcrocombuter 

1 < * , 



with i a sinqlc disk drive and ^8K R/fM. A color monitor is, 

I ■ ' " ' * K * * 

recortmcnded thoudn not essential* Tne slmulatfon Includes 

# • • 

the interoreter* edltort file manaoer* and a- dfenionstrat,lo« 
fnode. The source code is laroelv written In AoPlesoft BASIC 

s 

M(th minor seaments" tn machine lanouaqe. aV extensive 

i * 

reference manual and teacher's oulde h^s been oreoared (Dal- 
bev, 1963bS Oalbevt 1963c). The simulation 'and dpcuroenta- 
tlon is available for fifteen dollars from Pro lect ACCCirLt 
Lawrence Hall of Science* University of Cal iforniat Berke- 
ley, CA 9^720, ' y 
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TELL THE SPIDER AHUl TO DRAW 

S«STEP» T«TURN. R«RfeO, BsBLUE. CiCREEN 

tp-PURPLE. W«WH1TE. X«BLACK, !«REORAW, 

yF«Fn«GfcT, <ESC>«LIST, 0«0U1T,. ^ 

I 

DraM Mode Screen Display 
♦ 

Fiqure 1 
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STEP 

I 

»PRESS 'H' TU HALT. SPACE 8AR TO RkSUME, 
<fcSC> TO STOP THE SPIDER. 

( ' 

Run Kode Screen Disolav 
Fiqure Z 
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: H^RH IS A SAMPLE SP^IOER PROGRAM 

START , 

BLUE 

STEP 

R^D 

TURN * 
STEP 
GkEEN 
OUlT 



;mUP /«DOWN »«1NSERT *«DELETE 
OPTIONS: LI ST •RUN. ORAM •FORGET •SAVE.LOADt 
BUlLD.DErtO.FILES,!,<ESC> 

List Mode Screen Display 
Fiqure 3 
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list: Displays the current solder proararo. You may 
make chwnoes to the orooram bv retyplno lines on the 
screen. Vom may move the cursor to tt>e desired line t>v 
press ino *S* for uo ano •/• for down. To Insert a line 
ore^s "i"- To delete a line press 

R'jHi Execute the current solder proorain. 

draw: An Interactive mode where vou ou I dc\ the Sploer 
to create pattern's. In draw mode the Soi^r Is moved 
bv oresslno certain kevs. ^ 

FORGETS Erase all the lines In the current orooram. 

SAVE: Copy the current orocirsm to a disk file. » 

load: Copy a file from the disk Into the Spider 
memory. The old orouram Is lost, and the orooram on 
the file pecomes the current proaram. 

build: Append a file froir the disk to tne Solder's 
memory. The old orooram Is net destroyed. 

.■/ 

DEn3: Automatically run a demonstration of the soloer 
in action. Demo executes a sequence of prewritten 
solder proorams. ^ f * 

FILES: Displays the names of solder proarams which 
have been saved on the olsk. 

Spider dor}(l Simulation Options 
FtQure 4 
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Action cairffianas 

SURT; Draw the wall an<3 oreoare to bca In vour iourney. 
STEPS Tak« ond steo In tnc direction vou are faclno.* . 
turn: Turn to vour rloht. » ' ^ 

bLUEJ Paint the souarc vou arc standlnq ofl blfle. * oi irif » 

(The Solder also knows K£0» GREEN, PUkPLE, HWJc*' and SLACK. J 
ADD; Add one to vour counter.. . -. 

subtract; Subtract one'from vour counter. ■ ■ ^ 

STORt: Place the fcurren.t v lue, of ne counter in i%ii|»rv reoister. 
HECAUS Keol ace, the. value of counter wlth.the valu« from ineworv - 
r^oisti^r. 

quit: StoDV vouY iournev is over- , . . * 

• • • ' 

Control^ cOQHnaodS . ■ • 

fTFFINF f>^k-nawe Allows a, seouence of statements ' to t»e refecreo 

. to bv a single namct ♦ When tasK-name l^s- used 
, • In the oroqram* all thd statements di«flned \ 

in the task »<ni be carried out. 
(A task must be defined before it can he Invoked. 



KbPEAT T**lls tne sbluer to keep do I no the Instructions that, 

are written between the "repeat" and "until" statements 

until the inolcated condition Is met.-- 
UNTIL lWALL/Zc»?0/colo*r J* 

WALL means until the wall Is reached. 

ZERO means until the counter cauals zero. 

color means until the Spider Is standlnq on a 
square of the specified color. 



Solder Lanouaoe 
Flaure b 
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Taote I 
Robot Test Results 



Item Mean F Ratio from onewav Siqnificahce 

BASIC TA S*4 dnalvsis of variance level 



SuDroutlnes 

1 4.^ H,b k.b 3.^ 

2 8.3 8.5 B.t . 0.3 ns 

3 6.2 7.5 7.2 3.2 .04 

4 5.6. ,5.9 • 6.6 ' l.S 

5 6.<i 7. A 7.6 3.6 .Oi 

6 4.2 4.3 5.5 3.5 .03 
Total 34.0 38.1 37.'2 19 .15 
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Figure 6 



BOTCOPYAVSIlABlt 



I I NSTRUCT 1 0 ?;i 



Carflold Rbbot can tcarn new cotmnands. Hew commands combine already 
known commands. . 

To teach Gatfleld Robot a new conimand to make a square , you could say: 



Hew Comtnand SQUARE 

Move 3 

Turn R 

Hove 3 

Turn R 

Move 3 

Turn R 

Move 3 

End Command 



PROBLEMS 



3) New commands can be used just like nther con.nands. Drew what Garfield 
Robot v/ould do to foHov/ these commam. 



CO^iMANDS 



PATH 



Begin 
Turn R 
Move 5 
"Square 
Move 5 
End 
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B£8TC0WAV/lltABlE 

Garfield Robot (cont) 

Figure 7 

• ■ . •■ ' • ' ■ 

k) Write a program using SQUARE to get GarfleUJ Robot to follow this path. 
Start where you see the GR: 

COMMANDS * PATH 
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